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Purpose: To provide an overview of complications after ileostomy or colostomy procedures in children, and to
compare outcomes between patients with gastrointestinal motility disorders (i.e. functional constipation,
Hirschsprung’s disease, pediatric intestinal pseudo-obstruction (PIPO)) and children without motility disorders
(including necrotizing enterocolitis, anorectal malformation and inflammatory bowel disease).
Methods:We performed a retrospective study of children who underwent an enterostomy procedure at our in-
stitution. The number and type of complications and subsequent reoperations after ostomy formation were de-
termined. Complications were scored using the Clavien–Dindo classification. A complication of ≥ grade III-b was
considered a high-grade complication.
Results: 129 children with an ileostomy and 61 children with a colostomy were included. Of these, 62 children
(32.6%) had motility disorders; functional constipation (n=40), Hirschsprung’s disease (n=18) and PIPO
(n=4). The total prevalence of complications was 73.2%. Comparing the perioperative data, children withmotil-
ity disorders significantly more often underwent a laparoscopic procedure (59.7% vs. 10.9%, p=0.000) and had

an end stoma-configuration (37.1% vs. 14.1%, p=0.000) as compared to childrenwithoutmotility disorders. Chil-
dren with motility problems had a higher complication rate (88.7% vs. 65.5%, OR 4.1, 95% CI 1.7–9.8, p=0.001)
compared to children without motility problems, and a larger proportion of complications was classified as
high-grade complications (61.8% vs. 31.0% p =0.002).
Conclusion: A high complication rate after enterostomy formation was detected. Children with gastrointestinal
motility disorders had more andmore severe complications as compared to children without motility disorders.
Level of evidence: Level III
Type of study: Retrospective comparative study

© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
Stoma formation is used to manage a wide variety of conditions in
children. This includes two types of diverting enterostomies:
ileostomies, with the surgically created opening in the small bowel,
and colostomies,with the stoma formation in the large bowel. In infants,
ostomy formation is often required in children with congenital
conditions such as anorectal malformation and Hirschsprung’s disease,
or acquired conditions such as necrotizing enterocolitis (NEC) [1].
Later in childhood, an ostomy is a treatment option for some children
with motility disorders such as intractable functional constipation (FC)
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and pediatric intestinal pseudo obstruction (PIPO), or for patients with
inflammatory bowel disease (IBD) [2–6].

After any medical or surgical treatment, complications can occur.
Complications after ostomy formation are common and include
bleeding, infection, leakage and prolapse of the stoma. In adults,
complications have been described to occur in up to 82% of patients
[7,8]. In children, several studies in young infants with Hirschsprung’s
disease, anorectal malformations and NEC describe a stoma-related
complication rate between 23% and 42% [9–15]. However, limited data
are available in children with other underlying diseases.

In a recent study, a high stoma-related complication rate of 81%was
described in a cohort of children with intractable FC [16]. In children
with PIPO, complication rates up to 86% have been reported [17].
These studies contributed to the hypothesis that patients with
gastrointestinal motility disorders have a higher prevalence of
ostomy-related complications compared to patients without motility
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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problems. To date, there have been no controlled studies comparing
ostomy-related complications in pediatric patients with and without
motility disorders.

The aim of this studywas to provide an overviewof the complication
rate after ileostomy or colostomy procedures at our tertiary children’s
hospital and to compare outcomes between patients with gastrointesti-
nal motility disorders (i.e. FC, Hirschsprung’s disease and PIPO) and pa-
tients with other indications.

1. Methods

1.1. Study design & population

We performed a retrospective study including all children up to 18
years of age that underwent an ileostomy or colostomy procedure be-
tween 2007 and 2017 at a tertiary children’s hospital. Children who
underwent an appendicocecostomy (Malone), a Chait cecostomy,
urostomy or jejunostomy procedure were excluded. In addition, pa-
tients who received their primary ostomy at another institution or chil-
dren for whom perioperative data of the primary surgery were missing
were not included in the analysis.

Patients were recruited via an opt-out procedure. All patients re-
ceived an information letter about the study stating that their
anonymized data were to be used for clinical research purposes. Chil-
drenwere excluded from the study if they or their parents declined par-
ticipation by contacting the research team viamail, email or phone. This
protocol was approved by theMedical Ethics Committee of our hospital.

1.2. Surgical procedure

All operations were performed by experienced pediatric surgeons at
our institution. Ostomies were classified as either loop, split or end con-
figuration. For all patients, an expert stomanursewas available for post-
surgical stoma care and education.

1.3. Data collection

Relevant patient characteristics were collected from the patient’s
medical records and obtained from the perioperative notes, follow-up
visits and additional emergency room visits. Data were included until
their last clinic visit at the (pediatric) gastroenterologist or surgeon, or
until the date of death in case patients deceased.

Preoperative data included age, sex, body mass index (BMI), symp-
toms and diagnosis, treatment(s) prior to surgery and the preoperative
diagnostic evaluation results. Perioperative data consisted of informa-
tion regarding the type of surgery and technical aspects of the ostomy
formation. Postoperative data were reviewed to determine if any com-
plications and subsequent reoperations had occurred after the ostomy
formation.We defined complications as unexpected and undesired out-
comes after surgery, which deviated from the normal postoperative
course andwere not intrinsic to the procedure. The following complica-
tions were evaluated: bleeding, infection, parastomal abscess,
peristomal fistula formation, stomal perforation, necrosis (superficial
or deep), retraction (N0.5 cm below skin surface), wound dehiscence,
parastomal hernia, incisional hernia, fixation problems, prolapse, volvu-
lus, leakage around the ostomy bag, hypergranulation, skin irritation
Table 1
Complications according to the Clavien–Dindo classification [20].

Grade I No need for pharmacological,
surgical, endoscopic and radiological treatment with the except

Grade II Pharmacological treatment other than mentioned in grade I
Grade III-a Surgical, endoscopic or radiological interventions that do not oc
Grade III-b Surgical, endoscopic or radiological interventions that occur und
Grade IV Life-threatening complications that call for IC management
Grade V Death
(dermatitis or excessive erythema), high output (N20 mL/kg/day in in-
fants and N2 L/day in children), stenosis (narrowing during digital ex-
amination), troublesome passage of stools (requiring laxative
medication), ileus, parastomal or abdominal pain (requiring medica-
tion) and respiratory insufficiency.

All complicationswere scored according to theClavien–Dindo classi-
fication [18]. The Clavien–Dindo classification is a widely used tool to
rank postoperative complications and consists of five consecutive
grades, ranging from grade I (= no need for pharmacological, surgical,
endoscopic and radiological treatment) to grade V (=death)
(Table 1). Complications graded as III-b, IV and V were considered to
be a high-grade complication.

1.4. Statistical analysis

Data were anonymously stored and analyzed in an SPSS database
(IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM
Corp.). Preoperative and postoperative data were compared between
patients with severe motility disorders (i.e. FC, Hirschsprung’s disease
and PIPO) and without motility disorders. We also compared groups
that were comparable in terms of age and surgery setting; we therefore
compared children with FC versus children with IBD. The study groups
were compared by using one-way ANOVA and independent t-test for
continuous variables. Analysis of dichotomous variables was performed
using Chi-square tests or Fisher’s Exact tests. Logistic regression analy-
ses were used to identify risk factors for complications. The Bonferroni
correction was applied to account for multiple comparisons. The corre-
sponding p-values accepted for statistical significance are reported.

2. Results

2.1. Study population

A flowchart of the inclusion of patients is depicted in Fig. 1. Out of
255 patients who underwent an ostomy procedure at our institution,
190 children were included in the analyses. Nine parents of patients
did not want to participate in the study and chose to opt-out.

Sixty percent of included patients were male. Children underwent
ostomy surgery for a variety of indications (Table 2). Themajority of pa-
tients were less than one year of age at the time of initial surgery and in-
cluded patients with NEC (15.8%), anorectal malformations (13.7%) and
Hirschsprung’s disease (9.5%). Indications for older children included FC
(21.1%), IBD (8.4%) or trauma (2.6%).

Themajority of patients had an ileostomy (n=129, 67.9%), of which
69 (36.3%) children had a loop, 38 (20%) a split and 22 (11.6%) children
an end configuration. A total of 61 patients required a colostomy, of
which 25 (13.2%) had a loop, 17 (8.9%) a split and 19 (10%) an end con-
figuration. In all patients with Hirschsprung’s disease the stoma was lo-
cated in normal ganglionic area.

Most children were operated with an open surgical technique
(73.2%). Surgerywas performed during an emergency setting in 90 chil-
dren (47.4%) and the ostomywas intended as temporary treatment op-
tion in 166 (87.4%) of children. Median hospitalization time after
surgery of included patients was 16 days (IQR 9–42). Follow-up ranged
from 12 days (patient deceased) to 13 years, and the majority of pa-
tients (81.1%) had their primary ostomy closed at the end of follow-
ion of drugs such as antiemetics, antipyretics, analgetics, diuretics and physiotherapy

cur under narcosis
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Fig 1. Inclusion of patients.

Table 3
Overview of all complications.

Complication Total group (n=190), n (%)

Leakage 54 (28.4%)
Abdominal pain 51 (26.8%)
High output 41 (21.6%)
Skin irritation 39 (20.5%)
Troublesome passage stools requiring laxatives 35 (18.4%)
Prolapse 31 (16.3%)
Bleeding 27 (14.2%)
Ileus 24 (12.6%)
Infection 23 (12.1%)
Wound dehiscence 19 (10.0%)
Retraction 14 (7.4%)
Stenosis 12 (6.3%)
Stomal perforation 10 (5.3%)
Peristomal fistula formation 8 (4.2%)
Parastomal hernia 8 (4.2%)
Volvulus 7 (3.7%)
Parastomal abscess 5 (2.6%)
Deep necrosis 5 (2.6%)
Fixation problems 5 (2.6%)
Hypergranulation 5 (2.6%)
Superficial necrosis 4 (2.1%)
Incisional hernia 2 (1.1%)
Respiratory insufficiency 1 (0.5%)
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up. Twenty-one patients (11.1%) required a second ostomy operation.
Four patients died (2.1%); none of these deaths were directly related
to ostomy formation or closure.

2.2. Complication rate

In total, 139 out of 190 children (73.2%) had at least one complica-
tion after their ostomy formation. Patients experienced a median num-
ber of 2 complications (IQR 1–4). According to the Clavien–Dindo
classification, the highest grade of complication was grade I in 66 pa-
tients (34.7%), grade II in 11 (5.8%), grade III-a in 2 (1.1%), grade III-b
in 59 (31.1%) and grade IV in 1 (0.5%) patient. The most common com-
plications were leakage (28.4%), abdominal pain (26.8%), and high out-
put (21.6%, Table 3). Ostomy-related complications led to 126 surgical
Table 2
Indication ostomy (n=190).

Total group (n=190)

Functional constipation 40 (21.1%)
Necrotizing enterocolitis 30 (15.8%)
Anorectal malformation 26 (13.7%)
Hirschsprung’s disease 18 (9.5%)
Inflammatory bowel disease 16 (8.4%)
Surgical complication after previous abdominal surgery§ 13 (6.8%)
Small bowel atresia 12 (6.3%)
Cystic fibrosis 6 (3.2%)
Trauma 5 (2.6%)
PIPO 4 (2.1%)
Volvulus 1 (0.5%)
Other¥ 19 (10.0%)

PIPO = pediatric intestinal pseudo-obstruction
¥ = microcolon (n = 3), meconium ileus of unknown origin (n = 2), familial ade-

nomatous polyposis (n = 2), perforated appendicitis (n = 1), rectovaginal fistula
(n = 1), spondylodiscitiswith rectosigmoidfistula (n = 1), E. coli sepsiswith perforation
bowel (n = 1), solitary rectal ulcer (n = 1), rhabdomyosarcoma with rectal obstruction
(n = 1), caudal regression syndrome (n = 1), Meckel diverticulum (n = 1), rectal pro-
lapse (n = 1), bowel obstruction of unknown origin (n = 1), GUCY2C mutation
(n = 1), blow-out sigmoid due to stenosis of unknown origin (n = 1)..

§ = anastomotic leakage (n = 5), bowel perforation (n = 3), intestinal ischemia
(n = 3), intestinal obstruction (n = 2).
revisions; the most common indications for surgical revisions were
ileus (n=15), abdominal pain (n=15) and prolapse (n=13).

Comparing the demographical data of patients with and without
complications, no differences were found with respect to age, sex and
BMI of children. For this analysis, after Bonferroni adjustment, a
pb0.006 was considered statistically significant. The type of ostomy
(i.e. ileostomy or colostomy), surgical setting (i.e. elective or emer-
gency) and duration of ostomywere similar between both groups. Com-
paring stoma configurations, children with a complication significantly
less often had a split stoma configuration (47.8% vs. 22.9%, 95% CI
0.2–0.7, p=0.001); no differences were found with respect to end and
loop configurations. Significantly more patients with a complication
underwent a laparoscopic procedure (31.9% vs. 10.9%, OR 3.6, 95% CI
1.4–9.0, p=0.005) as compared to patients without complications.

2.3. Complication rate of patients with motility disorders versus other
diagnoses

The number and type of complications were compared between pa-
tients with and without motility disorders. A total of 62 children had
preoperative evidence of gastrointestinal motility problems, including
FC (n=40), Hirschsprung’s disease (n=18) and PIPO (n=4)
(Table 4). Comparing the stoma configuration, significantly more end
configurations were found in patients with motility disorders (37.1%
vs. 14.1%, p=0.000), significantly fewer children with motility disor-
ders had a split configuration (12.9% vs. 36.7%, p=0.001) and the num-
ber of patients with a loop configuration was similar between patients
with and without motility problems (50.0% vs. 49.2%, p=0.920).

Comparing the complication rate, significantly more patients with a
motility disorder had at least one complication (88.7% vs. 65.5%, OR 4.1,
95% CI 1.7–9.8, p=0.001) (Table 5). Moreover, patients with motility
disorders more frequently experienced a high-grade complication (i.e.
grade III-b or higher) compared to patients without motility disorders
(61.8% vs. 31%, p=0.002) and had a longer median duration of hospital
stay after surgery (24 vs. 11 days, p=0.000). Adjusted for follow-up du-
ration and receiving multiple stomas, having a motility disorder
remained an independent risk factor for complications after ostomy for-
mation (OR 4.3, 95% CI 1.7–10.7, p=0.001).

In children with motility disorders, the most prevalent complica-
tions included abdominal pain (56.5%), troublesome passage of stools
(37.1%), leakage (35.5%) and ileus (27.4%). In children without motility
disorders, the most prevalent complications included leakage (25%),

Image of Fig 1


Table 4
Comparison of different motility disorders.

Functional constipation (n=40) Hirschsprung’s disease (n=18) PIPO (n=4)

Age, median (IQR) 11.5 years
(6.2–16.8 years)

13 days
(3 days–2.4 years)

10.8 years
(2.6–15.5 years)

Males¸ n (%) 12 (30.0%) 15 (83.3%) 4 (100%)
Perioperative data

Ileostomy¸ n (%) 29 (72.5%) 12 (66.7%) 4 (100%)
Emergency setting¸ n (%) 4 (10.0%) 10 (55.6%) 1 (25.0%)
Laparoscopic procedure¸ n (%) 33 (82.5%) 3 (16.7%) 1 (25.0%)
Loop configuration¸ n (%)
Split configuration¸ n (%)
End configuration, n (%)

22 (55.0%)
3 (7.5%)
15 (37.5%)

8 (44.4%)
4 (22.2%)
6 (33.3%)

1 (25.0%)
1 (25.0%)
2 (50.0%)

Temporary intention¸ n (%) 27 (67.5%) 16 (88.9%) 1 (25.0%)
Postoperative data

Days of hospital stay, median (IQR) 9 (6–16) 15 (9–19) 45 (6–45)
Ostomy closure¸ n (%) 21 (52.5%) 17 (94.4%) 0 (–)
Multiple ostomies¸ n (%) 8 (20.0%) 4 (22.2%) 1 (25.0%)
Complication¸ n (%) 38 (95.0%) 13 (72.2%) 4 (100%)
High-grade complication¸ n (%) 27 (71.1%) 3 (16.7%) 4 (100%)
Reoperations, median (IQR) 2 (0–3) 1 (1–2) 8 (2–10)
Readmissions, median (IQR) 3 (0–5) 1 (1–2) 11 (4–13)

IQR = interquartile range, PIPO= pediatric intestinal pseudo-obstruction
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high output of the stoma (21.1%), and skin irritation (18.8%). Comparing
the type of complication, significantlymore patientswithmotility disor-
ders had troublesome passage of stools, abdominal pain and ileus (all
pb0.002, Table 6).

When discarding the complications abdominal pain and trouble-
some passage of stools, both common symptoms in patients with FC
and PIPO, the number of patients with complications remained higher
in the children with motility problems as compared to patients without
motility problems (75.8% vs. 62.5%).

We compared two groups of children with similar age and surgery
setting characteristics: patients with FC (n=40) and children with
IBD (n=16). In both groups, ileostomy was the most common stoma
type (72.5% of FC patients vs. 87.5% of IBD patients, NS). Significantly
more patients with FC had one or more complications compared to pa-
tients with IBD (95.0% vs. 62.5%, p=0.005) and more patients with FC
had a high-grade complication as compared to the children with IBD
(71.1% vs. 10%, p=0.000).
Table 5
Comparison of patients with and without motility disorders.

Motility disorders (n=62)

Age, median (IQR) 8.1 years
(1.4–15.5 years)

Males¸ n (%) 31 (50.0%)
Perioperati

Ileostomy¸ n (%) 45 (72.6%)
Emergency setting¸ n (%) 15 (24.2%)
Laparoscopic procedure¸ n (%) 37 (59.7%)
Loop configuration¸ n (%)
Split configuration¸ n (%)
End configuration, n (%)

31 (50.0%)
8 (12.9%)
23 (37.1%)

Temporary intention¸ n (%) 44 (71.0%)
Postoperati

Days of hospital stay, median (IQR) 11 (7–18)
Ostomy closure¸ n (%) 38 (61.3%)
Multiple ostomies¸ n (%) 13 (21.0%)
Complication¸ n (%) 55 (88.7%)
High-grade complication¸ n (%) 34/55 (61.8%)
Reoperations, median (IQR) 2 (1–3)
Readmissions, median (IQR) 2 (1–5)
Follow-up in months, median (IQR) 35 (11–83)

⁎ = statistically significant corrected by using the Bonferroni correction for 15 comparison
3. Discussion

In this study, we described the prevalence and severity of complica-
tions after ostomy formation in a large pediatric cohort using a
predefined standardized complication-grading tool; we also compared
complication rates between pediatric patients with and without motil-
ity disorders. In our heterogeneous patient cohort, including children
with functional and organic gastrointestinal disorders, the total compli-
cation rate after ileostomy and colostomy procedures was 73.2% and
one third of patients had a high-grade complication leading to surgical
revision of the ostomy. Fecal leakage was the most frequently encoun-
tered complication.

Although the ostomy-related complication rate thatwe found is sub-
stantial, it is comparable to results found in adult literature. Previous
prospective studies in adults have described an ostomy-related compli-
cation rate up to 82% [7,8]. Reported risk factors for complications in
adults included a high BMI [19] and emergency surgery [19]; in our
No motility disorders (n=128) p-value

18 days
(2 days –4.1 years)

0.000*

83 (64.8%) 0.050
ve data

84 (65.6%) 0.336
75 (58.6%) 0.000*
14 (10.9%) 0.000*
63 (49.2%)
47 (36.7%)
18 (14.1%)

0.000*

112 (95.3%) 0.000*
ve data

24 (11–49) 0.000*
116 (90.6%) 0.000*
8 (6.3%) 0.002*
84 (65.5%) 0.001*
26/84 (31.0%) 0.002*
1 (1–1) 0.000*
1 (1–1) 0.000*
18 (5–42) 0.001*

s (pb0.003).



Table 6
Comparison of type of complication betweenpatientswith andwithoutmotility disorders.

Motility
disorders
(n=62)

No motility
disorders (n=128)

p-value

Leakage 22 (35.5%) 32 (25.0%) 0.133
Abdominal pain 35 (56.5%) 16 (12.5%) 0.000*
High output 14 (22.6%) 27 (21.1%) 0.815
Skin irritation 15 (24.2%) 24 (18.8%) 0.444
Troublesome passage stools
requiring laxatives

23 (37.1%) 12 (9.4%) 0.000*

Prolapse 12 (19.4%) 19 (14.8%) 0.430
Bleeding 9 (14.5%) 18 (14.1%) 1.000
Ileus 17 (27.4%) 7 (5.5%) 0.000*
Infection 10 (16.1%) 13 (10.2%) 0.237
Wound dehiscence 4 (6.5%) 15 (11.7%) 0.257
Retraction 8 (12.9%) 6 (4.7%) 0.071
Stenosis 7 (11.3%) 5 (3.9%) 0.061
Stomal perforation 5 (8.1%) 5 (3.9%) 0.299
Peristomal fistula formation 3 (4.8%) 5 (3.9%) 0.717
Parastomal hernia 4 (6.5%) 4 (3.1%) 0.441
Volvulus 6 (9.7%) 1 (0.8%) 0.005
Parastomal abscess 2 (3.2%) 3 (2.3%) 0.662
Deep necrosis 4 (6.5%) 1 (0.8%) 0.040
Fixation problems 2 (3.2%) 3 (2.3%) 0.662
Hypergranulation 3 (4.8%) 2 (1.6%) 0.332
Superficial necrosis 1 (1.6%) 3 (2.3%) 1.000
Incisional hernia 1 (1.6%) 1 (0.8%) 0.547
Respiratory insufficiency 0 (–) 1 (0.8%) 1.000

⁎ = statistically significant corrected by using the Bonferroni correction for 23 com-
parisons (pb0.002).
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studywe did not find significant differences related to these factors. The
indication for ostomy formation, however, differs substantially between
adults and children; in the adult literature, themajority of patientswere
elderly patients with malignancies, with high rates of comorbidity and
medication use, whereas our study included mostly young infants
with congenital anomalies. Consequently, it is difficult to compare stud-
ies and the type of complications between children and adults.

In comparison to the available pediatric literature [9–15], we found a
higher prevalence of ostomy-related complications. Only one other
study found a similar rate of complications (80.5%) after colostomy sur-
gery in young infants with anorectalmalformations, Hirschsprung’s dis-
ease and trauma [20]. The authors explained this high complication rate
by the nonavailability of an expert stoma nurse and poor socioeconomic
level of included families. However, these factors did not apply to our
cohort.

A possible explanation for the high complication rate found in our
cohort could be our definition of complications. We defined complica-
tions as unexpected and undesired outcomes occurring after surgery,
not intrinsic to the surgical procedure itself. The definition of complica-
tions and the Clavien–Dindo classification system have had an impor-
tant effect on the definitions reported and the severity attributed to
them. The use of different definitions and classification systemsmay ex-
plain some of the differences between our results and previously pub-
lished reports. We systematically reviewed charts to search for a large
number of predefined complications. While most previously published
studies only reported “classical” complications related to the ostomy it-
self, such as prolapse or bleeding, we also included gastrointestinal
symptoms such as abdominal pain and troublesome passage of stools.
Although not life-threatening, these negative outcomes after surgery
often required medical treatment or further surgery. As an example, in
our cohort, abdominal pain was one of the most common indications
for surgical revision of the stoma. These complications accounted for a
number of healthcare visits and are likely to have significantly affected
the quality of life of included children.

Another possible explanation for the high complication rate found in
our study is the large number of patients with motility disorders in-
cluded in our cohort (32.6%).Wehypothesized that patientswithmotil-
ity disorders more frequently experienced complications after ostomy
procedures than children without underlying motility disorders. Not
only didwefind a higher complication rate in childrenwithmotility dis-
orders, we also found a higher prevalence of severe complications as
compared to children without motility disorders.

Several limitations should be taken into account when interpreting
these results. Patients with motility disorders had a significantly longer
follow-up and often required a second ostomy, possibly contributing to
a higher risk of complications. However, adjusted for these factors, mo-
tility disorders remained to be significantly associated with the occur-
rence of more complications.

In addition, in our cohort, significant differences in perioperative
characteristics between patients with and without motility disorders
were reported, making it challenging to compare both groups and
draw firm conclusions. Significantly more children with motility disor-
ders underwent a laparoscopic procedure in comparison with children
without motility disorders. Moreover, significantly more children with
motility disorders had end stoma-configuration and fewer children
had a split configuration as compared to children without motility dis-
orders. In line with our results, split stoma configuration is reported to
be associated with a lower complication rate in several studies
[9,12,13]. It could therefore be hypothesized that the high complication
rate in children with motility disorders was explained by the type of
procedure rather than their underlying diagnosis.

On the other hand, the high complication rate in children with mo-
tility disorders could have been related to the disease itself rather than
a consequence of the surgery. When comparing the children with and
without motility disorders, the prevalence of “classical” stoma-related
complications was not significantly different between the two groups.
Analyzing the data in more detail, the higher complication rate in the
motility groupwasmostly attributed to the higher prevalence of gastro-
intestinal complications (i.e., abdominal pain, troublesome passage of
stools, ileus, volvulus). Although ileostomy and colostomy are effective
surgical strategies for patients with intractable FC, Hirschsprung’s dis-
ease and PIPO, surgery does not cure the underlying motility problems
throughout the remaining gastrointestinal tract. In fact, in patients
with FC, Hirschsprung’s disease and PIPO, evidence of upper gutmotility
problems has been reported [21–24]. Patients with Hirschsprung’s dis-
ease, although diverted into normal ganglionic colon after their stoma
formation, were therefore analyzed as part of the motility disorders
group. However, it is not surprising that motility related complications,
such as ileus, high output stoma, abdominal pain and troublesome pas-
sage of stools, were prevalent in these patients. Previous studies in pa-
tients with PIPO reported high output and prolonged paralytic ileus as
common postsurgical problems after ostomy formation [3,25,26]. Also,
in patients with functional gastrointestinal disorders including FC, low
pain threshold and visceral hypersensitivity have been described
owing to dysregulation of the brain–gut axis [27,28], potentially con-
tributing to the higher rates of postoperative abdominal pain in children
with motility disorders. Moreover, preexisting symptoms of abdominal
pain have been reported as an important risk factor for chronic abdom-
inal pain after abdominal surgery [29]. However, to account for this, we
also calculated the complication rate without abdominal pain and trou-
blesome passage of stools. The complication rate of the total population
remained high, with the persistence of higher complication rates in pa-
tients with motility disorders.

Several other limitations should be noted. Missing data and the ex-
clusion of patients possibly led to the underreporting of complications.
Moreover, our cohort consisted of a heterogeneous group of patients
with awide variety of age and indications for ostomy formation,making
it challenging to draw firm conclusions about our entire cohort. We
therefore grouped together patients with similar age and indication in
our analysis to compare the prevalence of complications. Consequently,
patient groups were relatively small. For example, owing to the limited
number of patients with PIPO in our cohort, previously reported factors
such as high rates of stoma prolapse in these children could not be con-
firmed [17,30,31]. Surgical errors should also be taken into account. For
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example, the high number of ileus as an indication for surgical revisions
could be procedure-related. The opening in the posterior fascia may
have been too tight or small, leading to stenosis. Moreover, owing to
the retrospective design of our study, other previously reported risk fac-
tors for complications such as parental factors could not be determined
[20,32]. In addition, nutritional status and type of nutrition (oral, tube or
parenteral) of included children changed frequently over the follow-up
period and could not be identified as risk factors for complications.

In conclusion, in this heterogeneous cohort of children with ostomy
formation, we found a remarkably high ostomy-related complication
rate. Patients with gastrointestinal motility disorders had a higher com-
plication rate and more severe complications in comparison to the chil-
dren without gastrointestinal motility disorders. Our results confirm
that surgical strategies in patients with motility disorders should be
seen a treatment of last resort and high rates of complications should
be expected and taken into consideration when choosing the type of
surgical management. However, owing to the retrospective design of
the study and significant differences between patientswith andwithout
motility disorders with respect to type and configuration of the stoma,
our results should be interpreted with care. Future prospective studies
including homogenous patient cohorts of children with and without
motility disorders, standardized follow-up visits and registration of
complications after surgery are warranted to confirm our results.
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